We review the recent progress of zinc oxide (ZnO) nanowire sensors with ohmic-contacted and Schottky-contacted configurations and the enhancement of the performances of Schottky-contacted ZnO NW sensors (SCZNSs) by the piezotronic effect. Comparing with the traditional ohmic-contacted ZnO NW sensors (OCZNSs), the SCZNSs have higher sensitivities and faster responses controlled by the barrier height at the metal-semiconductor (M-S) interface. The piezotronic effect was applied to tune the Schottky barrier height (SBH) with the strain-induced piezoelectric polarization charges at the interface of the M-S contact. The piezotronic effect can thus improve the detection limitation, sensitivity, and response time of the SCZNSs in different applications, such as UV detection, gas and bio/chemical sensing. These piezotronic-enhanced SCZNSs may find potential applications in human-machine interfacing and flexible electronics skin technologies.
Introduction
One-dimensional semiconductor nanomaterials have been studied extensively and regarded as one of the most promising candidates for realizing ultrasensitive sensors because of their large surface-to-volume ratios, polarized crystal orientation, short distances for minority carriers to travel, and high carrier mobility [1] [2] [3] . Zinc oxide (ZnO), a direct wide band gap semiconductor material with wurtzite structure, has been widely studied due to its extraordinary electrical, optical, and piezoelectric properties [4] [5] [6] . ZnO nanowire (NW) with desired morphology and aspect ratio can be easily obtained through various methods such as vapor-liquid-solid (VLS) or vapor-solid (VS) process, wet chemical growth, molecular beam epitaxy (MBE), and metal-organic chemical vapor deposition (MOCVD) and has attracted particular interest in UV detection, gas and bio/chemical sensing areas [7] [8] [9] [10] .
Most ZnO NW sensors are composed of a single ZnO NW with two ends fixed by the metal electrodes. The contacts between the metals and the ZnO NWs can be either ohmic or Schottky. Generally, most NW sensors based on ohmiccontact are fabricated as field effect transistor (FET) structure, of which the current is controlled by modulating the "gate voltage" through the external adsorbed species. Although devices built with a NW of smaller diameter are expected to have improved detection limit and response time to the external stimuli because of its large surface-to-volume ratio, the fabrication process of devices with reduced dimension would be much more complicated and costly [11] [12] [13] [14] [15] [16] . In order to further improve the sensitivity of the ohmic-contacted ZnO NW sensors (OCZNSs), some complicated methods have been applied, such as surface modification and postanneal. Thus, the OCZNSs with smaller sized NW and higher specific surface make the device fabrication more complicated. In comparison, the performance of the Schottkycontacted ZnO NW sensors (SCZNSs) can be optimized by regulating the Schottky barrier height (SBH) at local metalsemiconductor (M-S) interface [17] [18] [19] . Therefore, higher sensitivity, faster response, and easier fabrication process can be achieved by SCZNS that consists of microwires with the diameter in the submicrometer range, and it 2 Journal of Nanomaterials aroused much interest in UV, gas and bio/chemical sensing system [20] [21] [22] [23] [24] . Wang's group introduced the piezotronic effect [25] [26] [27] [28] to modulate the charge carriers generation, transport, and recombination process by tuning the SBH at the local M-S interface with strain-induced piezoelectric polarization charges, hence improving the performance of the SCZNSs.
Herein, this paper reviews recent research progresses in the OCZNSs and SCZNSs for UV, gas and bio/chemical sensing. The working principle and performance optimizations of the OCZNSs and the SCZNSs are explored. A wide range of SCZNS with enhanced performance tuned by the piezotronic effect is included in this paper.
Ohmic-Contacted ZnO NW
Sensors (OCZNSs)
Working Principle of the OCZNS.
Ohmic contacts formed between the metal electrodes and semiconducting nanomaterials are in a dominant position during the early ages [29, 30] . The most typical structure of the OCZNS is FET, which utilizes a ZnO NW as the essential building block, with both ends bonded to a rigid substrate [31, 32] . The mechanism of FET is that the voltage applied across the gate and source terminals controls the flow of charge carriers from the source to drain by affecting the size and distribution of a "conductive channel" [33, 34] . The amount of target molecules adsorbed on the surface of the ZnO NW can be deduced by the change of the conductance, because the adsorbed molecules may modify the surface charges and states, change the local work function and band alignment, and alter the gate potential and the carrier mobility [35] [36] [37] . These changes are defined as a floating gate effect on the conducting channel of the FET [38] , as shown in Figure 1 . In order to maximize the gate effect, thin and usually short NWs are chosen to fabricate the device to obtain a higher sensitivity.
UV-OCZNSs.
ZnO is a very good candidate for photonic devices in the UV range, with a direct band gap of 3.4 eV and a large exciton binding energy of 60 meV at room temperature. Soci et al. [39] demonstrated a kind of visible blind UV-OCZNS with high internal gain. Under the UV illumination ( = 390 nm, = 10 W/cm 2 ), a time-resolved measurement over a broad temporal domain in different ambient conditions is conducted to measure the photoconductivity of the ZnO NW. The current in the ZnO NW increases by several orders of magnitude, and the photoconductive gain can reach a high value of ∼ 10 8 . The presence of oxygenrelated hole-trap states at the NW surface, which hinders the charge carrier recombination, is regarded as the major reason for such an extremely high internal gain.
Kim and Chu [40] investigated the bias and gate voltage effects on the UV-OCZNS. The sensitivity can be increased by tuning the drain-source voltage ( ds ) and gate-source voltage ( gs ), as shown in Figure 2 . When the bias voltage ds increases from 1 mV to 1 V, the on/off ratio under a hand-held UV lamp ( = 365 nm and = 0.47 mW/cm 2 ) increases abruptly from ∼70 to ∼3 × 10 5 , and the photocurrent increases from ∼1 nA to ∼1 A. So at the optimal gate voltage ( gs = −1 V) and bias voltage ( ds = 1 V), the on/off ratio reaches its maximum value of ∼10 6 .
Gas-OCZNSs.
ZnO NW has also been regarded as a promising candidate for gas sensing owing to its high electron mobility and good thermal stability under various gas conditions. Besides, ZnO can be adopted in a broad range of gases, both the oxidizing gas (O 2 , NO) and the reducing gas (CO, H 2 , H 2 S). Fan et al. [32] fabricated the O 2 -OCZNS based on a single ZnO NW. The oxygen detection sensitivity can be modulated by the gate voltage. The ambient oxygen partial pressure has a considerable effect on the performance of the O 2 -OCZNS, due to the conductivity changes caused by surface band bending, which is induced by O 2 molecule absorption. The corresponding current decreases when the oxygen pressure increases. The relevant conductance (Δ / 0 ) decreases as the NW radius increases ( Figure 3) ; thus, a smaller diameter ZnO NW exhibits a higher sensitivity. The maximum sensitivity of 64% appears at −1.4 V, which is above the gate threshold voltage (−2.0 V) in 10 ppm O 2 .
The gas detection performance can be further enhanced by nanoparticles decoration. Joshi et al. [41] used Au decorated ZnO NWs to detect an invisible and odorless toxic gas, carbon monoxide (CO), at the room temperature. The Au nanoparticles are decorated on the ZnO NWs and act as a catalyst in chemical sensitization. A response time value of ∼5 s is observed for 1000 ppm of CO in air. The improvement in gas sensing behavior is attributed to the transfer of electrons resulting from gas oxidation at the ZnO NWs surface.
2.4.
Bio/Chemical-OCZNSs. ZnO NWs are widely adopted for bio/chemical sensors due to the advantages of ultralow detection limit, fast response, and impressive biocompatibility [42] [43] [44] [45] . Liu et al. [46] synthesized a single ZnO NWbased biologically sensitive sensor for detection of different concentrations of uric acid solution. Before detecting, the surface of the ZnO NW is treated with the covalent modification method. The addition of uric acid with the concentrations from 1 pM to 0.5 mM resulted in the electrical conductance changes of up to 227 nS, and the response time turns out to be in the order of millisecond. The detection limit of the ZnO NW biosensor can be as low as 1 pM with 14.7 nS of conductance increase.
Besides the detection of various biological molecules, the ZnO NW is also used as a pH sensor, ranging from 5 to 8.5 reported by Menzel et al. [47] after surface passivation of the ZnO NWs with a thin film of C 4 F 8 . The sensitivity of the pH-OCZNS obtained from the slope of the conductance reached −2.063±0.14 ( S/pH). The conductance of ZnO NW exhibits linear response over a wide pH range instantly, which mainly stems from the change of the surface charge during the protonation and deprotonation.
A control experiment is conducted by investigating ZnO nanotubes (NTs) and nanorods (NRs) based pH sensors, elaborated by Fulati et al. [48] . Both pH sensors show a linear response to the pH values ( Figure 4 ). The developed ZnO NTs electrochemical potential pH sensors show faster response and higher sensitivity than the ZnO NRs pH sensors with the same dimensions, due to more subsurface O 2 vacancies and adsorption sites exist in the ZnO NTs.
In summary, OCZNSs with one-dimensional nanostructure have high surface-to-volume ratio, which is a key point to enhance the sensitivity and response time of the device [35, 36, [49] [50] [51] [52] . In addition, various methods have been explored to improve the sensitivity of the OCZNSs, such as choosing proper bias and gate voltage [32, 40] , surface modification [41, 46, 47] , and increasing the O 2 vacancies and adsorption sites [48] . However, sophisticated decoration and fabrication process of the nanostructures may prohibit the widespread applications of the OCZNSs.
Schottky-Contacted ZnO NW Sensors (SCZNSs)
Many researchers investigate the Schottky-contacted structure for fabricating high performance ZnO NW sensors, because the SCZNSs have a higher sensitivity, a faster-response sensing behavior, and a lower-cost fabrication process [39, [53] [54] [55] [56] . 
Working Principle of the SCZNSs.
The typical SCZNSs contain Schottky barrier (SB) at least at one M-S interface, and the whole structure of the SCZNSs can be regarded as a NW with a SB diode in series ( Figure 5 ). Therefore, the carrier transport through the whole device is dominated by the barrier height at local M-S interface [57] , and the sensitivity is enhanced by changing the SBH at local M-S interface instead of the bulk conductance in the OCZNSs [58, 59] . The SBH at the local M-S interface plays a very important role in changing the carrier transport process. The original barrier height of local Schottky-contact is essential to the performance of the sensors, because an appropriate original barrier height of local Schottky-contact can promote the sensing performance. In order to further enhance the performance of the sensor, Wang presented the piezotronic effect [23, 60] , which can change the original barrier height by inducing piezoelectric polarization charges at the local M-S interface. Therefore, the optimal performance of the Schottky-contacted sensor can be obtained.
Fundamentals of the Piezotronic Effect Enhanced the SCZNSs.
Once the ZnO NW device is under strain, two typical effects may affect the carrier transport process. One is the piezoresistance effect, which is a common feature of any semiconductors, and this effect can change the band gap, charge carrier density, and possibly density of states in the conduction band of the semiconductor crystal under strain. The piezoresistance effect is a symmetric effect on the two end contacts and has no polarity, which will not affect the electrical performance of a sensor [61] . The other is the piezotronic effect [60, 62] , a coupling effect between the semiconducting and piezoelectric properties of materials with non-Centro symmetric structure, such as the wurtzite and zinc blende family. ZnO has a hexagonal structure with a large anisotropic property in -axis direction ( Figure 6 ). The Zn 2+ cations and O 2− anions are tetrahedrally coordinated, and the centers of the positive ions and negative ions overlap with each other in the strain-free condition. If a stress is applied at an apex of the tetrahedron, a dipole moment is generated since the centers of the cations and anions separated. The cumulative effect of the dipole moments by all tetrahedron units in the crystal results in a macroscopic potential diversification along the straining direction, that is, the piezoelectric potential (piezopotential).
For an n-type semiconductor and a metal contact, if the electron affinity of the semiconductor is lower than the work function of the metal, a SB is created at the interface. By applying a compressive or tensile strain from the external environment, a piezopotential distribution is induced in the semiconductor and piezoelectric polarization charges appear at the M-S interface in the semiconductor side, and they can affect the SBH at the M-S interface. Once a strain is created in the piezoelectric semiconductor, a negative piezopotential at the semiconductor side effectively increases the local SBH, while a positive piezopotential reduces the SBH [13, 30, 35, 43, [63] [64] [65] [66] . As a result, for the Schottky-contacted sensors fabricated with the piezotronic semiconductor materials, external strains can be used as a "strain gate" to control the SBH and the electronic transport properties by inducing piezoelectric polarization charges at the local M-S interface. Thus, piezotronic effect can be used to optimize the performances of the SCZNSs.
UV-SCZNSs

UV-Sensors.
Recently, based on the photoelectric property of individual ZnO NW, several important researches on the UV-SCZNSs have been published. Zhou et al. [59] grew the ZnO NWs by a VS process and transferred a single ZnO NW onto SiO 2 /Si substrate, and Ti/Au and Pt electrodes were deposited at the end of the ZnO NW to obtain ohmic and Schottky-contact, respectively. They compared the response time of the UV-SCZNSs and the UV-OCZNSs. The ohmic structure and the characteristic of the OCZNSs are shown in Figure 7 . Under the illumination of UV light ( = 365 nm, = 30 W/cm 2 ), the photocurrent is still unsaturated in the OCZNSs after about 260 s and the recovery time is over 2500 s, whereas for the SCZNSs the current changes from 0.04 to 60 nA within 0.6 s, and the reset time is 0.8 s. The Schottky junction could dramatically enhance the sensitivity and improve the response/recovery time. The local electric field at the SB area quickly separates the electrons and holes generated by photon excitation, which increase the carrier lifetime and free carrier density. Besides, the UV illumination induces the removal of the absorbed O 2 at the SB and thus decreases the barrier height and width, which promotes the improvement of the sensitivity.
Cheng et al. [67] fabricated the UV sensor with a single ZnO NW; they demonstrated the high sensitivity and fast recovery speed of the SB as high performance UV-SCZNS. Under a UV light ( = 365 nm, = 7.6 mW/cm 2 ), the sensitivity, photocurrent gain, and on/off ratio are ∼2.6 × 10 3 A/W, ∼8.5 × 10 3 , and ∼4 × 10 5 , respectively. The relevant time constant is as short as 46 ms, and the recovery time is 0.28 s when photocurrent decreases by 3 orders of magnitude. The fast recovery speed of UV-SCZNS is due to the following reason: the photocurrent of NW SB has more sensitive response to the amount of reabsorbed O 2 − and relaxed holes in SB interface, and the relaxation speed of holes in SB interface is faster than that on the NW surface.
Piezotronic Effect Enhanced UV-SCZNSs. Zhang et al.
[68] fabricated a UV sensor based on the unique crystalline structure of the ZnO-CdS core-shell NW, and they studied the piezophototronic effect on the performance of the sensor under UV light illumination ( = 372 nm and = 0.636 W/cm 2 ). They find that the UV sensor had a compressive strain-dependent I-V characteristic (Figure 8 ). The absolute current of the sensor under a 2 V positive bias increases gradually from 12.9 to 144 nA, as the strain of 0% to −0.31% is applied. The sensitivity of the strained ZnO-CdS NW-based sensor is largely enhanced by more than 10 times compared to that of the unstrained NW. The reason is that both the SBHs at the source and drain contacts decrease with increased compressive strains.
Lu et al. [69] also studied the piezoelectric effect on the response of the ZnO/Au Schottky junction UV detector. The sensitivity increases 5 times when applying a 0.58% tensile strain (Figure 9 ) on the sensor. The enhancement is due to the Journal of Nanomaterials charges redistribution induced by piezoelectric polarization at the ZnO/Au interface.
Gas-SCZNSs
O 2 -SCZNSs and CO-SCZNSs.
Wang's group demonstrated that the sensitivity of the gas-SCZNSs is several orders higher than the gas-OCZNSs by utilizing the Schottkycontacted structure. Wei et al. [70] compared the performance of the OCZNSs and SCZNSs (Figures 10 and 11) . They measure the device in N 2 and O 2 ambient at 275 ∘ C, and the linear I-V curve shows an excellent ohmic-contacted characteristic (Figure 10(a) ). The devices possess a larger resistance in O 2 atmosphere since the chemisorbed O 2 species create a surface electron-depletion layer on the ZnO NW surface. The highest sensitivity of ohmic-contacted device is only 4.8% with a response time of 500 s under 275 ∘ C, which indicates that compensating the surface defects can only slightly decrease the conductance. They measured the conductance performance of the SCZNSs at different temperature in N 2 atmosphere and in O 2 atmosphere, and the conductance for both forward and reverse bias modes was decreased because of the electron-depletion layer forming on the ZnO NW surface. Compared to the ohmic-contacted analogues, the Schottky-contacted device has higher sensitivities. Under the forward bias, the highest sensitivity of 257% is obtained at the response time of 500 s and temperature of 275 ∘ C, which is 54 times higher than 4.8% of the ohmic-contacted sensors under the same sensing conditions. While under the reverse bias, the highest sensitivity of 3235% is obtained for the Schottky-contacted device and the sensitivity was 27 times higher than that of the same device under forward bias and 1085 times higher than that of the ohmic-contacted device. CO sensing properties are also investigated, as shown in Figure 11 . The blue region is O 2 conditioning and N 2 purge process, while the yellow region is the CO sensing for duration of 60 min. It shows that the sensitivity increases with the increase of CO concentration, consistent with the previous reports [71, 72] . The highest sensitivity of 32 000% for the CO-SCZNS under reverse bias mode is obtained in the 400 ppm CO concentration at 275 ∘ C, while the sensitivity of the ohmic-contacted device is only 3.8% at the same condition. Comparing with the ohmic-contacted device, the great success of the Schottky-contacted device relies on the modulation of the SBH through adsorption and removal of the negatively charged species.
Humidity-SCZNSs.
Herrán et al. [73] presented a room temperature Ag/ZnO Schottky diode for relative humidity (RH) monitoring. The sensor can detect the RH based on the adsorption of the water molecules on the NR surface and the reduction of the majority of carriers in the conduction band of the semiconductor. The sensitivity shows a logarithmic relation between 20% and 75% of RH and the response time is about 5 s; this is due to the physical behavior of the Schottky diode according to the M-S junction between the ZnO and the Ag.
Piezotronic Effect Enhanced Gas-SCZNSs
(1) Piezotronic Effect Enhanced O 2 -SCZNSs. Niu et al. [74] studied the piezotronic effect on the O 2 -SCZNSs. The typical SEM image of the ZnO NWs, optical image, and a schematic of the measurement setup are shown in Figure 12 . The electrical performance of the device is measured after a UV lamp ( = 254 nm and = 23 W) treatment. Under the 1 V bias, the current drops with the increase of either oxygen pressure or tensile strain, whereas under the bias of −1 V, the current slightly decreases with the tensile strain, while it greatly decreases with the increased O 2 pressure. In the 700 Torr O 2 pressures and applying 0 to 0.2% tensile strain, under the 1 V bias, the relative current enhances from −55.4% to −75.4%, while under the −1 V bias, the relative current increases from −87.3% to −93%, respectively. It is due to the adsorption of O 2 , an electron-depletion layer is formed on the ZnO NW surface and reduces the carrier density in the NW, and the O 2 adsorbed around the Schottky-contacted area increases the SBH, which reduces the overall current [75] [76] [77] . Besides, by applying a tensile strain, the already downward trend to O 2 can be further enhanced by piezotronic effect.
(2) Piezotronic Effect Enhanced Humidity-SCZNSs. Hu et al. [78] investigated the piezotronic effect on the performances of the humidity-SCZNSs. They fabricate the Schottkycontacted devices and detect the performance of the humidity sensor ( Figure 13 ). The experiment is carried out at a fixed bias of 2.8 V under different humidity and strain conditions. By comparing the relative current response to different RH under each certain strain condition, it is concluded that the current increases with the increase of compressive strain and the decrease of RH. Furthermore, the slopes of curves become deeper with increasing the strain, which means that the relative sensitivity of humidity sensors is improved by the piezotronic effect. In the ZnO NW humidity sensor, a −0.22% compressive strain can optimize the performances by achieving the largest responsivity of 1,240%. These results demonstrate that the piezotronic effect can enhance the performance of humidity sensors at different RH and improve the sensing resolution by significantly enlarging the current differences between two RHs under certain strain condition.
Bio/Chemical-SCZNSs
3.5.1. Bio-SCZNSs. Yeh et al. [79] fabricated both the Schottky-contacted and ohmic-contacted ZnO NW devices. The conductance performance of the ohmic-contacted devices is shown in Figure 14 . No obvious signal is observed when the concentration of the charged target molecules is lower than 800 g/mL, probably because the conductance of the ZnO NW is so high that the introduction of surfaceabsorbed molecules cannot change the conductance of the NW significantly. However, the Schottky-contacted device shows a fast response and distinctly current change for different concentrations. The devices are immersed in DI water as the signal baseline for measuring the conductance, and in this case, the negatively charged molecules absorbed around the SB area increase the barrier height and decrease the current. In contrast, when introduced positively charged molecules increase the current. The performance of the biosensor is largely controlled by the characteristic of the SBH, which can get different effects for detecting positively and negatively charged molecules.
Piezotronic Effect Enhanced Bio/Chemical-SCZNSs
(1) Piezotronic Effect Enhanced pH-SCZNSs. Pan et al. [17] demonstrated the piezotronic effect on the pH-SCZNSs, as shown in Figure 15 . They fabricate the device by using the silver paste to get the Schottky-contact, and in order to prevent the two silver electrodes from contacting with the buffer solutions, the two electrodes are fully covered by a layer of epoxy. The signal of the pH sensor decreases step-by-step with discrete changing in pH from 3 to 12 under no strain condition, and the stable and repeatable performances of the pH sensor are detected in solutions (pH = 5 and pH = 12). The reason for the decrease in different pH value is as follows: at high pH, OH − correspondingly depletes the electron carriers and decreases the conductance, while at low pH, H + increases the electron carriers in the n-type ZnO NW and the conductance. When applying a 0.5 V bias voltage, the signal level of a nonstrain sensor is only 1.2 nA in the buffer solution with pH = 5. However, when a −0.92% compressive strain is applied on the device, the current jumps to 1.75 A, and equivalently the current increases by about 1500 times in magnitude. Under externally applied strain in different pH value buffer solutions, the signal current increases with applied strain, because the SBH is changed by the strain, and the relative changes of the SBH (ΔSBH) can be calculated according to Yang et al. 's work [ 80, 81] . The test results demonstrate that the piezotronic effect can enhance the sensitivity of the SCZNSs.
(2) Piezotronic Effect Enhanced Glucose-SCZNSs. Yu et al. [18] investigated the piezotronic effect on the performances of the glucose-SCZNSs. The fabrication method of the glucose sensor is similar to the pH-SCZNSs [17] , while in Yu's research, they decorate the glucose oxidases (GO ) onto the ZnO NW. It is obvious that the current increases with the incremental compressive strains (Figure 16 ), at a bias voltage of 1.8 V; as a −0.79% compressive strain is applied, the current increases from 0.15 A to more than 25 A, which is about 150 times larger in magnitude. The output signal of a strainfree ZnO NW glucose sensor clearly increases stepwise with gradually adding glucose into the solution, measured at a fixed bias of 2 V. Furthermore, they studied the response of the glucose sensors to continuously changed glucose concentrations and compressive strains. It is clear that the current increases stepwise with the glucose concentrations and the relative change in current is around 130% by adding 1.5 g/L glucose without strain. The current difference between two certain glucose concentrations is obviously increased when applying more compressive strain, and this relative change in current has the largest value more than 300% and mostly relative change in current is around 150%. These results indicate that The output signal of a sensor in a buffer solution with pH = 5 when the strain is "off" (blue) and "on" (red). The signal is increased about 1500 times when a compressive strain of = −0.92% was applied.
(f) The response of the sensor to the pH varying from 3 to 12, when the device is strain off (red) and on (blue) [17] . Copyright 2013, American Chemical Society.
the relative change of output signals in applying strains case is even much larger than that in the adding glucose case. The sensitivity and sensing resolution of the glucose sensor is generally enhanced by the piezotronic effect. to the devices [82] . Therefore, treating the device with BB can effectively decrease the undesirable response from the nonspecific binding to the device and is essential for the specific function of the sensor.
It is obvious that current increases with increasing the IgG concentrations or compressive strains. The difference between currents related to two adjacent IgG concentrations is enlarged as the strain increases, which is the result from the nonlinear I-V transport properties controlled by the SB at the contacts of the metal-semiconductormetal (M-S-M) structure. It can also be seen that, at a fixed IgG concentration, the larger the strain applied, the higher the output current observed. These results obviously show that the piezotronic effect can improve the resolution, the detection limit, and the sensitivity of the proteinSCZNSs.
In general, the SCZNSs exhibit higher sensitivity and faster response than the OCZNSs. For SCZNSs, the adsorption of a few molecules at the junction area could effectively change the local barrier height. The piezotronic efect [83, 84] play a dominant role in optimizing enhance the performance of the SCZNSs.
Conclusions and Outlook
In this paper, we introduce ZnO NW sensors based on the ohmic-contacted and Schottky-contacted structure, the working principle, and performance enhancement of the OCZNSs and SCZNSs. For the OCZNSs, the current change is regarded as the result of the "gate voltage" modulating through the external adsorbed molecules. The performance of this kind of devices is usually affected by the bias and gate voltage, the decorated surface, and the size of ZnO NWs. For SCZNSs, the output signals of these devices could be optimized by several orders of magnitudes higher than that of the OCZNSs. By utilizing the piezotronic effect to modulate the SBH, the extremely high sensitivity can be obtained.
The ZnO NW devices should be further optimized in sensitivity to detect force, heat, light, humid, gas, and so forth, and the piezoelectric material system, single NW device, or integrated NW sensor arrays will be further investigated in other research fields. Undoubtedly, the piezotronic-enhanced Schottky-contacted sensors will have potentially important applications in photoelectric detection, environment monitoring, health monitoring, and robotics.
